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(57) ABSTRACT

A pixel that detects short-wavelength light is provided in a
light receiving unit on a silicon substrate and has a first color
filter. A pixel that detects long-wavelength light is provided in
the light receiving unit on the silicon substrate, is provided in
a position closer to an outer edge of the light receiving unit
than the pixel that detects the short-wavelength light, and has
a second color filter. A longest-wavelength transmission band
of the first color filter is a first transmission band, and the
longest-wavelength transmission band of the second color
filter is a second transmission band. The second transmission
band has a longer wavelength than the first transmission band.
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COLOR SENSOR FOR ACCURATELY
DETECTING COLOR COMPONENTS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a color sensor that detects
color components.

This application claims priority to and the benefits of Japa-
nese Patent Application No. 2009-267707 filed on Nov. 25,
2009, the disclosure of which is incorporated herein by ref-
erence.

2. Background Art

When various scenes are photographed by a photographing
device such as a digital camera or a digital video camera in
which a solid-state imaging element is mounted, photograph-
ing is performed under various illuminating light sources. A
technique is known in which a color sensor is mounted along
with an imaging element, a type of photographing light
source is accurately identified, and good white balance is
implemented regardless of the light source under which pho-
tographing is performed.

FIG. 13 is a cross-sectional view of a color sensor of the
related art. In an example shown, the color sensor includes a
first color filter 81, a second color filter 82, a third color filter
83, a silicon substrate 84, a first photodiode 85, a first sepa-
ration layer 86, a second photodiode 87, a second separation
layer 88, and a third photodiode 89. A portion covered by the
first color filter 81 becomes a first pixel, a portion covered by
the second color filter 82 becomes a second pixel, and a
portion covered by the third color filter 83 becomes a third
pixel.

For example, the first color filter 81 is a color filter that
transmits red light and is arranged to cover the first pixel. For
example, the second color filter 82 is a color filter that trans-
mits blue light and is arranged to cover the second pixel. For
example, the third color filter is a color filter that transmits
light having a green light and is arranged to cover the third
pixel.

The first photodiode 85 is a photoelectric conversion ele-
ment that photoelectrically converts light incident through the
first color filter 81, and is arranged on the silicon substrate 84.
The second photodiode 87 is a photoelectric conversion ele-
ment that photoelectrically converts light incident through the
second color filter 82, and is arranged on the silicon substrate
84. The third photodiode 89 is a photoelectric conversion
element that photoelectrically converts light incident through
the third color filter 83, and is arranged on the silicon substrate
84.

The first separation layer 86 separates the first pixel and the
second pixel. The second separation layer 88 separates the
second pixel and the third pixel. By this configuration, the
first, second, and third pixels can respectively detect different
color lights. Thereby, the color sensor can detect incident
light components. For example, if the color sensor of this
configuration is used in a digital camera or the like, the digital
camera can identify a type of light source on the basis of the
light components detected by the color sensor.

A color sensor is known which has a pixel having sensitiv-
ity to light of a wavelength of 500 to 530 nm as a fourth pixel
as well as the pixels having sensitivities to wavelength bands
of color lights of red (R), green (G), and blue (B) (for
example, see Japanese Unexamined Patent Application Pub-
lication No. 2004-64413).

FIG. 14 is a graph showing relative the sensitivity of light
detected by a pixel having sensitivity to a wavelength band of
red light, the relative sensitivity of light detected by a pixel
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having sensitivity to a wavelength band of green light, the
relative sensitivity of light detected by a pixel having sensi-
tivity to a wavelength band of blue light, and the relative
sensitivity of light detected by a fourth pixel.

As shown, the pixel having the sensitivity to the wave-
length band of the blue light detects most light whose wave-
length is about 455 nm. The pixel having the sensitivity to the
wavelength band of the green light detects most light whose
wavelength is about 540 nm. The pixel having the sensitivity
to the wavelength band of the red light detects most light
whose wavelength is about 620 nm. The fourth pixel detects
light whose wavelength is 500 to 530 nm. Thus, the color
sensor has the fourth pixel that detects light of a wavelength
other than wavelengths of most lights to be detected by the
pixels having sensitivities to wavelength bands of color lights
of R, G, and B, thereby detecting light components with
higher accuracy.

Inthe color sensor of the related art, crosstalk (wraparound
of'a charge) occurs in the photoelectric conversion element (a
photodiode). Thereby, there is a problem in that the accuracy
of light component detection by the color sensor is degraded.

Hereinafter, the crosstalk occurring in the photoelectric
conversion element of the color sensor will be described. FIG.
15 is a schematic diagram illustrating the crosstalk occurring
in the photoelectric conversion element of the color sensor. In
an example shown, the color sensor includes a first color filter
91, a second color filter 92, a silicon substrate 93, a first
photodiode 94, a second photodiode 95, and a separation
layer 96. A portion covered by the first color filter 91 becomes
afirst pixel, and a portion covered by the second color filter 92
becomes a second pixel.

For example, the first color filter 91 is a color filter that
transmits long-wavelength light, and is arranged to cover the
first pixel. For example, the second color filter 92 is a color
filter that transmits short-wavelength light, and is arranged to
cover the second pixel. The photodiode 94 of the first pixel is
a photoelectric conversion element that photoelectrically
converts light incident through the first color filter 91, and is
arranged on the silicon substrate 93. The photodiode 95 of the
second pixel is a photoelectric conversion element that pho-
toelectrically converts light incident through the second color
filter 92, and is arranged on the silicon substrate 93. The
separation layer 96 separates the first pixel and the second
pixel.

In the photoelectric conversion element configured as
described above, for example, the first photodiode 94 gener-
ates a photo charge 97 in a deep position of the silicon sub-
strate 93 if the first color filter 91 transmits the long-wave-
length light. The photo charge 97 generated in the deep
position of the silicon substrate 93 is diffused like photo
charges 97-1 to 97-3, and wraps around into the second pho-
todiode 95. Thus, the second photodiode 95 detects the photo
charge 97 generated by the first photodiode 94. There is a
problem in that the accuracy of light component detection of
the color sensor is degraded by the above-described crosstalk.

An object of the present invention is to provide a color
sensor capable of suppressing the degradation of detection
accuracy of light components due to the effect of crosstalk
and detecting the light components with higher accuracy.

DISCLOSURE OF THE INVENTION

The present invention provides a color sensor including: a
first pixel provided in a sensor unit on a silicon substrate and
having a first color filter; and a second pixel provided in the
sensor unit on the silicon substrate, provided in a position
closer to an outer edge of the sensor unit than the first pixel,
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and having a second filter. The longest-wavelength transmis-
sion band of the first color filter is a first transmission band,
the longest-wavelength transmission band of the second color
filter is a second transmission band, and the second transmis-
sion band has a longer wavelength than the first transmission
band.

In the color sensor of the present invention, the second
color filter further has a third transmission band, and the third
transmission band has a shorter wavelength than the second
transmission band.

In the color sensor of the present invention, the second
pixel further has a third color filter arranged to overlap the
second color filter, and a transmission band of the third color
filter has a shorter wavelength than the second transmission
band.

The present invention further includes a third pixel pro-
vided in the sensor unit on the silicon substrate, provided in a
position closer to the outer edge of the sensor unit than the
first pixel and farther from the outer edge of the sensor unit
than the second pixel, and having a third color filter. The
longest-wavelength transmission band of the third color filter
is a third transmission band, and the third transmission band
has a longer wavelength than the first transmission band and
has a shorter wavelength than the second transmission band.

In the color sensor of the present invention, transmittance
of the first color filter is lower than that of the second color
filter.

In the color sensor of the present invention, impurities are
included in the silicon substrate, and the impurities decrease
specific resistance of the silicon substrate compared to the
case where the impurities are not included.

In the color sensor of the present invention, the pixel that
detects the long-wavelength light is arranged on a more outer
side within the sensor unit than the pixel that detects the
short-wavelength light. By this configuration, a crosstalk
charge generated by the pixel which detects the long-wave-
length light that easily generates the crosstalk charge is easily
discharged outside the sensor unit. Thus, the color sensor can
suppress the degradation of detection accuracy of light com-
ponents due to the effect of crosstalk, and can detect the light
components with higher accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing an arrangement of
pixels provided in a color sensor according to a first embodi-
ment of the present invention.

FIG. 2 is a cross-sectional view of the color sensor accord-
ing to the first embodiment of the present invention.

FIG. 3 is a graph showing the light transmittances of a first
color filter and a second color filter according to the first
embodiment of the present invention.

FIG. 4 is a graph showing the relationship of a wavelength
of incident light, an absorption depth of silicon, and an
absorption coefficient.

FIG. 5 is a cross-sectional view of a color sensor provided
with a ground electrode in the first embodiment of the present
invention.

FIG. 6 is a graph showing the light transmittances ofa color
filter provided in a pixel which detects infrared light and
medium-wavelength light and of a second color filter.

FIG. 7 is a graph showing the light transmittances of color
filters provided in a pixel which detects long-wavelength light
and medium-wavelength light and of a second color filter.

FIG. 8 is a schematic diagram showing an arrangement of
pixels provided in a color sensor according to a second
embodiment of the present invention.
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FIG. 9is a graph showing the light transmittances of a color
filter that transmits long-wavelength light, a color filter that
transmits medium-wavelength light, and a color filter that
transmits short-wavelength light in the second embodiment
of the present invention.

FIG. 10 is a schematic diagram showing an arrangement of
pixels provided in a color sensor according to a third embodi-
ment of the present invention.

FIG. 11 is a graph showing the light transmittances of a
color filter that transmits long-wavelength light and a color
filter that transmits short-wavelength light according to the
third embodiment of the present invention.

FIG. 12 is a schematic diagram showing the configuration
of'an imaging device according to a fourth embodiment of the
present invention.

FIG. 13 is a cross-sectional view of a color sensor of the
related art.

FIG. 14 is a graph showing relative sensitivity of light.

FIG. 15 is a schematic diagram illustrating crosstalk occur-
ring in a photoelectric conversion element of the color sensor.

PREFERRED EMBODIMENTS
First Embodiment

Hereinafter, the first embodiment of a color sensor of the
present invention will be described with reference to the
drawings. FIG. 1 is a schematic diagram illustrating an
arrangement of pixels provided in the color sensor according
to this embodiment. In a shown example, a color sensor 100
has 16 pixels provided on a silicon substrate 101. A region
where the 16 pixels are provided becomes a light receiving
unit 150 (a sensor unit).

For description, numbers from No. 1 to No. 16 in order
from top left to bottom right are respectively assigned to the
pixels provided in the shown color sensor 100. Specifically, a
top-left pixel number is No. 1, and the pixel number next to
and to the right of the pixel No. 1 is No. 2. Other pixel
numbers are the same as shown.

Inthe shown example, a pixel No. 5 is a pixel 110 (a second
pixel), which detects long-wavelength light. A pixel No. 6 is
a pixel 120 (a first pixel), which detects short-wavelength
light. Thus, the pixel 110 that detects the long-wavelength
light is arranged on a more outer side within the light receiv-
ing unit 150 than the pixel 120 that detects the short-wave-
length light. Pixel No. 1 to 4 and No. 7 to 16 are pixels that
each detect specific wavelength lights.

Inthe color sensor 100 configured as described above, each
of'the pixels detects a specific wavelength of light. Thus, it is
possible to detect the intensity of light of each wavelength
included in incident light. Thus, a digital camera or the like
having a color sensor can determine the type of incident light
(for example, sunlight or light of a fluorescent lamp) on the
basis of the intensity of each wavelength.

FIG. 2 is a cross-sectional view of the color sensor accord-
ing to this embodiment. The shown example shows a cross
section taken along line A-B of the color sensor in FIG. 1. In
order from the left of the figure, the pixel 110 that detects the
long-wavelength light and the pixel 120 that detects the short-
wavelength light are shown. A separation layer 102 is shown
between the pixel 110 that detects the long-wavelength light
and the pixel 120 that detects the short-wavelength light. The
separation layer 102 separates the pixel 110 that detects the
long-wavelength light and the pixel 120 that detects the short-
wavelength light.

The pixel 110 that detects the long-wavelength light
includes a second color filter 111 and a second photodiode



US 9,055,180 B2

5

112 configured on the silicon substrate 101. The pixel 120 that
detects the short-wavelength light includes a first color filter
121 and a first photodiode 122 configured on the silicon
substrate 101.

The second color filter 111 is a color filter that transmits the
long-wavelength light, and is arranged to cover the pixel 110
that detects the long-wavelength light. The first color filter
121 is a color filter that transmits the short-wavelength light,
and is arranged to cover the pixel 120 that detects the short-
wavelength light. The second photodiode 112 is a photoelec-
tric conversion element that photoelectrically converts light
incident through the second color filter 111. The first photo-
diode 122 is a photoelectric conversion element that photo-
electrically converts light incident through the first color filter
121.

Although not shown, each of the pixels provided in the
color sensor 100 has a color filter that transmits a specific
wavelength of light and a photodiode configured on the sili-
con substrate 101 like the pixel 110 that detects the long-
wavelength light or the pixel 120 that detects the short-wave-
length light. Thereby, each of the pixels provided in the color
sensor 100 can photoelectrically convert light incident
through the color filter which transmits the specific wave-
length of light.

Next, the light transmittances of the second color filter 111
and the first color filter 121 will be described. FIG. 3 is a graph
showing the light transmittances of the second color filter 111
and the first color filter 121 according to this embodiment. In
the shown graph, the horizontal axis represents a wavelength
oflight and the vertical axis represents transmittance of light.
A curve 301 represents the light transmittance of the second
color filter 111. A curve 302 represents the light transmittance
of the first color filter 121.

As shown, the second color filter 111 has high light trans-
mittance for the long-wavelength light. That is, the second
color filter 111 has a second transmission band in which the
long-wavelength light is transmitted. Accordingly, the pixel
110 that detects the long-wavelength light can detect the
long-wavelength light. The first color filter 121 has high light
transmittance for the short-wavelength light. That is, the first
color filter 121 has a first transmission band in which the
short-wavelength light is transmitted. Accordingly, the pixel
120 that detects the short-wavelength light can detect the
short-wavelength light.

Next, the relationship between the wavelength of light
(incident light) incident to the color sensor 100 and an absorp-
tion depth of silicon used in the silicon substrate 101 of the
color sensor 100 will be described. A color difference corre-
sponds to a wavelength difference of light.

FIG. 4 is a graph showing the relationship of a wavelength
of'incident light, an absorption depth (a penetration depth) of
silicon, and an absorption coefficient. As shown, the absorp-
tion depth of silicon differs by the wavelength difference of
light. For example, a wavelength of blue light is 400 nm to 490
nm. From a curve 401, the absorption depth of silicon for the
blue light is 0.2 um to 0.5 pm. The wavelength of green light
is 490 nm to 575 nm. From the curve 401, the absorption
depth of silicon for the green light is 0.5 um to 1.5 um. The
wavelength of red light is 575 nm to 700 nm. From the curve
401, the absorption depth of silicon for the red light is 1.5 um
to 3.0 um. Thus, the light has a characteristic that the long
wavelength is moderately absorbed in a deep position of
silicon.

Next, the relationship between the absorption depth of
silicon and crosstalk charges occurring in the pixel 110 that
detects the long-wavelength light and the pixel 120 that
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detects the short-wavelength light which are provided in the
color sensor 100 will be described.

The second photodiode 112 provided in the pixel 110 that
detects the long-wavelength light generates photo charges
depending on the amount of light transmitted through the
second color filter 111. The first photodiode 122 provided in
the pixel 120 that detects the short-wavelength light generates
photo charges depending on the amount of light transmitted
through the first color filter 121. As described above in this
case, the long-wavelength light is moderately absorbed in a
deep position of the silicon substrate 101. Thus, the second
photodiode 112 provided in the pixel 110 that detects the
long-wavelength light generates a photo charge in the deep
position of the silicon substrate 101 compared to the first
photodiode 122 provided in the pixel 120 that detects the
short-wavelength light.

Compared to a photo charge generated in a shallow posi-
tion of the silicon substrate 101, the photo charge generated in
the deep position of the silicon substrate 101 is characterized
by easily wrapping around into the silicon substrate 101 of
another pixel. Accordingly, the pixel 110 that detects the
long-wavelength light easily generates a crosstalk charge
compared to the pixel 120 that detects the short-wavelength
light.

In the color sensor 100 according to this embodiment, the
pixel 110 that detects the long-wavelength light, which easily
generates the crosstalk charge, is arranged on an outer side
within the light receiving unit 150. In the case where the pixel
110 that detects the long-wavelength light is arranged on the
outer side within the light receiving unit 150 compared to the
case where the pixel 110 that detects the long-wavelength
light, which easily generates the crosstalk charge, is arranged
on an inner side within the light receiving unit 150, the ratio
at which the crosstalk charge generated by the pixel 110 that
detects the long-wavelength light is diffused to the outside of
the light receiving unit 150 and not to other pixels is high.

Accordingly as in this embodiment, it is possible to diffuse
more crosstalk charges generated by each of the pixels to the
outside of the light receiving unit 150 by arranging the pixel
110 that detects the long-wavelength light, which easily gen-
erates the crosstalk charge, to the outer side of the light
receiving unit 150. Consequently, the color sensor 100 can
suppress the degradation of detection accuracy of light com-
ponents due to the effect of crosstalk, and thus the color
sensor 100 can detect the light components with higher accu-
racy.

In particular, if the pixel 110 that detects the long-wave-
length light is arranged on an outermost side within the light
receiving unit 150 as shown in FIG. 2, a separation layer does
not exist on the periphery of the light receiving unit 150, and
the separation layer 102 exists between the pixel 110 and
another pixel neighboring thereto. Thus, the crosstalk charge
generated by the pixel 110 that detects the long-wavelength
light is easily diffused outside the light receiving unit 150
rather than diffused to another neighboring pixel. Conse-
quently, the color sensor 100 can further suppress the degra-
dation of detection accuracy of light components due to the
effect of crosstalk, and thus the color sensor 100 can detect the
light components with higher accuracy.

Preferably, impurities may be introduced into the silicon
substrate 101 so as to adjust the specific resistance of the
silicon substrate 101. The impurities decrease the specific
resistance of the silicon substrate 101 compared to the case
where the impurities are not included. In a specific example,
phosphorus or sulfur is introduced at a concentration that is
lower than the concentration of the pixel. Thereby, the diffu-
sion speed of crosstalk charges is increased within the silicon
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substrate 101, and a period in which the crosstalk charges stay
within the light receiving unit 150 is shortened. Accordingly,
the ratio at which the crosstalk charges are diffused outside
the light receiving unit 150 is further increased. Thus, it is
possible to diffuse more crosstalk charges generated by the
pixels to the outside of the light receiving unit 150. Conse-
quently, the color sensor 100 can further suppress the degra-
dation of detection accuracy of light components due to the
effect of crosstalk. Furthermore, the color sensor 100 can
accurately detect the light components.

To better discharge the crosstalk charges outside the light
receiving unit 150, a ground electrode may be provided on the
silicon substrate 101 outside the light receiving unit 150. FIG.
5 is a cross-sectional view of a color sensor 500 provided with
the ground electrode in this embodiment. A difference
between the shown color sensor 500 and the color sensor 100
shown in FIG. 2 is that the color sensor 500 has a ground
electrode 501 provided on the silicon substrate 101 outside
the light receiving unit 150. The other configuration of the
color sensor 500 is the same as that of the color sensor 100
shown in FIG. 2.

The ground electrode 501 is grounded and discharges
crosstalk charges generated by the pixels to the outside of the
color sensor 500. Thereby, the crosstalk charges generated by
the pixels easily move to the ground electrode 501. Thus, itis
possible to diffuse more crosstalk charges generated by the
pixels to the outside of the light receiving unit 150. Conse-
quently, the color sensor 500 can suppress the degradation of
detection accuracy of light components due to the effect of
crosstalk, and thus the color sensor 500 can detect the light
components with higher accuracy.

The example in which the pixel No. 5 (a pixel arranged on
the outer side) is the pixel 110 that detects the long-wave-
length light has been described above, but the present inven-
tion is not limited thereto. For example, it is preferable that the
pixel No. 5 be a pixel that easily generates a crosstalk charge
compared to another pixel such as a pixel (a second pixel) that
detects infrared light and medium-wavelength light or a pixel
(a second pixel) that detects long-wavelength light and
medium-wavelength light.

FIG. 6 is a graph showing light transmittances of a color
filter (a second color filter) provided in a pixel which detects
infrared light and medium-wavelength light and of the first
color filter 121. In the shown graph, the horizontal axis rep-
resents a wavelength of light and the vertical axis represents
transmittance of light. Curves 601 and 602 represent the light
transmittances of the color filter provided in the pixel that
detects the infrared light and the medium-wavelength light. A
curve 603 represents the light transmittance of the first color
filter 121.

As shown, the color filter provided in the pixel which
detects the infrared light and the medium-wavelength light
has high light transmittances for the infrared light and the
medium-wavelength light. That is, the color filter provided in
the pixel which detects the infrared light and the medium-
wavelength light has a second transmission band in which the
infrared light is transmitted and a third transmission band in
which the medium-wavelength light is transmitted. The first
color filter 121 has high light transmittance for the short-
wavelength light. That is, the first color filter 121 has a first
transmission band in which the short-wavelength light is
transmitted.

Accordingly, the pixel 120 that detects the short-wave-
length light can detect the short-wavelength light.

Since the pixel that detects the infrared light and the
medium-wavelength light detects the infrared light (long-
wavelength light) and the medium-wavelength light, the pixel
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generates a crosstalk charge more easily than the pixel 120
that detects the short-wavelength light. As described above,
the pixel that detects the infrared light and the medium-
wavelength light, which easily generates a crosstalk charge, is
arranged on an outer side within the light receiving unit 150.
Thus, in the case where the pixel that detects the infrared light
and the medium-wavelength light is arranged on the outer
side within the light receiving unit 150 compared to the case
where the pixel that detects the infrared light and the medium-
wavelength light is arranged on an inner side within the light
receiving unit 150, a ratio at which the crosstalk charge gen-
erated by the pixel that detects the infrared light and the
medium-wavelength light is diffused to the outside of the
light receiving unit 150 and is not diffused to other pixels is
high. Accordingly, it is possible to diffuse more crosstalk
charges generated by the pixels to the outside of the light
receiving unit 150. Thereby, even when the pixel that detects
the infrared light and the medium-wavelength light is pro-
vided, the color sensor 100 can suppress the degradation of
detection accuracy of light components due to the effect of
crosstalk, and thus the color sensor 100 can detect the light
components with higher accuracy.

FIG. 7 is a graph showing the light transmittances of color
filters provided in a pixel that detects long-wavelength light
and medium-wavelength light and the first color filter 121. In
the shown graph, the horizontal axis represents a wavelength
oflight and the vertical axis represents transmittance of light.
Curves 701 and 702 represent the light transmittances of the
color filters provided in the pixel that detects the long-wave-
length light and the medium-wavelength light. A curve 703
represents the light transmittance of the first color filter 121.

In the color filters provided in the pixel that detects the
long-wavelength light and the medium-wavelength light, the
light transmittances shown in FIG. 7 may be implemented by
overlapping a color filter (a second color filter) having a
second transmission band and a color filter (a third color
filter) having a transmission band with a wavelength that is
shorter than that of the second transmission band.

As shown, the color filters provided in the pixel that detects
the long-wavelength light and the medium-wavelength light
have high light transmittances for the long-wavelength light
and for the medium-wavelength light. That is, the color filters
provided in the pixel that detects the long-wavelength light
and the medium-wavelength light have the second transmis-
sion band in which the long-wavelength light is transmitted,
and the transmission band in which the medium-wavelength
light is transmitted and having a shorter wavelength than the
second transmission band. Also, the first color filter 121 has
high light transmittance for the short-wavelength light. That
is, the first color filter 121 has the first transmission band in
which the short-wavelength light is transmitted. Accordingly,
the pixel 120, which detects the short-wavelength light, can
detect the short-wavelength light.

Since the pixel that detects the long-wavelength light and
the medium-wavelength light detects the long-wavelength
light and the medium-wavelength light, the pixel generates a
crosstalk charge more easily than the pixel 120 that detects
the short-wavelength light. As described above, the pixel
which detects the long-wavelength light and the medium-
wavelength light, and which easily generates a crosstalk
charge, is arranged on an outer side within the light receiving
unit 150. Thus, in the case where the pixel which detects the
long-wavelength light and the medium-wavelength light is
arranged on the outer side within the light receiving unit 150
compared to the case where the pixel which detects the long-
wavelength light and the medium-wavelength light is
arranged on an inner side within the light receiving unit 150,
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the ratio at which the crosstalk charge generated by the pixel
that detects the long-wavelength light and at which medium-
wavelength light is diffused to the outside of the light receiv-
ing unit 150 and is not diffused to other pixels is high. Accord-
ingly, it is possible to diffuse more crosstalk charges
generated by the pixels to the outside of the light receiving
unit 150. Thereby, even when the pixel which detects the
long-wavelength light and the medium-wavelength light
which has a plurality of transmission bands is provided with,
the color sensor 100 can suppress the degradation of detection
accuracy of light components due to the effect of crosstalk,
and thus the color sensor 100 can detect the light components
with higher accuracy.

In this embodiment, the relationship between the pixel No.
5 and the pixel No. 6 among the pixel No. 1 to 16 provided in
the color sensor 100 has been described. However, other
pixels may also be arranged within the light receiving unit
150 according to a wavelength of light to be detected by each
pixel. For example, pixels that detect long-wavelength com-
ponents and generate many crosstalk charges may be moder-
ately arranged on an outer side position in the light receiving
unit 150.

Second Embodiment

Hereinafter, the second embodiment of a color sensor of
the present invention will be described with reference to the
drawings. FIG. 8 is a schematic diagram illustrating an
arrangement of pixels provided in the color sensor according
to this embodiment. In an example shown, a color sensor 200
has 25 pixels provided on a silicon substrate 201. A region
where the 25 pixels are provided becomes a light receiving
unit 250.

In this description, numbers from No. 1 to No. 25 in order
from top left to bottom right are each assigned to the pixels
provided in the shown color sensor 200. Specifically, the
top-left pixel number is No. 1, and the pixel number of the
pixel next to and to the right of the pixel No. 1 is No. 2. Other
pixel numbers are as shown.

In the shown example, a pixel No. 11 is a pixel 210 (a
second pixel), which detects long-wavelength light. Pixel No.
12 is a pixel 220 (a third pixel) which detects medium-wave-
length light. Pixel No. 13 is a pixel 230 (a first pixel) which
detects short-wavelength light.

Thus, the pixel 210 that detects the long-wavelength light is
arranged on a more outer side within the light receiving unit
250 than the pixel 220 that detects the medium-wavelength
light and the pixel 230 that detects the short-wavelength light.
Also, the pixel 220 that detects the medium-wavelength light
is arranged on a more outer side within the light receiving unit
250 than the pixel 230 that detects the short-wavelength light.
Pixels Nos. 1 to 10 and Nos. 14 to 25 are pixels that respec-
tively detect specific wavelength lights.

The pixel 210 that detects the long-wavelength light
includes a color filter (a second color filter) that transmits the
long-wavelength light and a photodiode configured on a sili-
con substrate 201. The pixel 220 that detects the medium-
wavelength light includes a color filter (a third color filter)
that transmits the medium-wavelength light and a photodiode
configured on the silicon substrate 201. The pixel 230 that
detects the short-wavelength light includes a color filter (a
first color filter) that transmits the short-wavelength light and
a photodiode configured on the silicon substrate 201. Like-
wise, other pixels provided in the color sensor 200 respec-
tively include color filters that transmit specific wavelengths
of light and photodiodes configured on the silicon substrate
201.
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Next, the light transmittances of the color filter that trans-
mits the long-wavelength light, the color filter that transmits
the medium-wavelength light, and the color filter that trans-
mits the short-wavelength light will be described. FIG. 9 is a
graph showing the light transmittances of the color filter that
transmits the long-wavelength light, the color filter that trans-
mits the medium-wavelength light, and the color filter that
transmits the short-wavelength light in this embodiment. In
the shown graph, the horizontal axis represents the wave-
length of light and the vertical axis represents the transmit-
tance of light. A curve 901 represents the light transmittance
of'the color filter that transmits the long-wavelength light. A
curve 902 represents the light transmittance of the color filter
that transmits the medium-wavelength light. A curve 903
represents the light transmittance of the color filter that trans-
mits the short-wavelength light.

As shown, the color filter that transmits the long-wave-
length light has high light transmittance for the long-wave-
length light. That is, the color filter that transmits the long-
wavelength light has a second transmission band in which the
long-wavelength light is transmitted. Accordingly, the pixel
210 that detects the long-wavelength light can detect the
long-wavelength light. Also, the color filter that transmits the
medium-wavelength light has high light transmittance for the
medium-wavelength light. That is, the color filter that trans-
mits the medium-wavelength light has a third transmission
band in which the medium-wavelength light is transmitted.
Accordingly, the pixel 220 that detects the medium-wave-
length light can detect the medium-wavelength light. Also,
the color filter that transmits the short-wavelength light has
high light transmittance for the short-wavelength light. That
is, the color filter that transmits the short-wavelength light has
a first transmission band in which the short-wavelength light
is transmitted. Accordingly, the pixel 230 that detects the
short-wavelength light can detect the short-wavelength light.

Since the pixel 210, which detects the long-wavelength
light, detects the long-wavelength light, the pixel 210 gener-
ates a crosstalk charge more easily than the pixel 220 that
detects the medium-wavelength light or the pixel 230 that
detects the short-wavelength light. Also, since the pixel 220,
which detects the medium-wavelength light, detects the
medium-wavelength light, the pixel 220 generates a crosstalk
charge more easily than the pixel 230 that detects the short-
wavelength light.

Thus, in the case where the pixel 210 that detects the
long-wavelength light is arranged on a more outer side within
the light receiving unit 250 than the pixel 220 that detects the
medium-wavelength light or the pixel 230 that detects the
short-wavelength light compared to the case where the pixel
210 that detects the long-wavelength light is arranged on a
more inner side within the light receiving unit 250 than the
pixel 220 that detects the medium-wavelength light or the
pixel 230 that detects the short-wavelength light, a ratio at
which the crosstalk charge generated by the pixel 210 that
detects the long-wavelength light is diffused to the outside of
the light receiving unit 250 and is not diffused to other pixels
is high.

Also, in the case where the pixel 220 that detects medium-
wavelength light is arranged on a more outer side within the
light receiving unit 250 than the pixel 230 that detects the
short-wavelength light compared to the case where the pixel
220 that detects the medium-wavelength light is arranged on
a more outer side within the light receiving unit 250 than the
pixel 230 that detects the short-wavelength light, the ratio at
which the crosstalk charge generated by the pixel 220 that
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detects the medium-wavelength light is diffused to the out-
side of the light receiving unit 250 and is not diffused to other
pixels is high.

Accordingly, in this embodiment, pixels are arranged from
an outer side within the light receiving unit 250 in order a
crosstalk charge is easily generated, so that more crosstalk
charges generated by the pixels can be diffused outside the
light receiving unit 250. Consequently, even when a plurality
of pixels having different transmission bands are provided,
the color sensor 200 can suppress the degradation of detection
accuracy of light components due to the effect of crosstalk,
and thus the color sensor 200 can detect the light components
with higher accuracy.

Inthis embodiment, the relationship of the pixel No. 11, the
pixel No. 12, and the pixel No. 13 among the pixels Nos. 1 to
25 provided in the color sensor 200 has been described. How-
ever, other pixels may also be arranged within the light receiv-
ing unit 250 according to a wavelength of light detected by
each pixel. For example, pixels that detect long-wavelength
components and generate many crosstalk charges may be
moderately arranged on an outer side within the light receiv-
ing unit 250.

Third Embodiment

Hereinafter, the third embodiment of a color sensor of the
present invention will be described with reference to the
drawings. FIG. 10 is a schematic diagram illustrating an
arrangement of pixels provided in the color sensor according
to this embodiment. In an example shown, a color sensor 300
has 16 pixels provided on a silicon substrate 301. A region
where the 16 pixels are provided becomes a light receiving
unit 350.

In this description, numbers from No. 1 to No. 16 in order
from top left to bottom right are each assigned to the pixels
provided in the shown color sensor 300. Specifically, the
top-left pixel number is No. 1, and pixel number of the pixel
next to and to the right of the pixel No. 1 is No. 2. Other pixel
numbers are as shown.

In the shown example, a pixel No. 5 is a pixel 310, which
detects high-sensitivity and long-wavelength light. The pixel
310, which detects the high-sensitivity and long-wavelength
light, detects the long-wavelength light and has high light
detection sensitivity. A pixel No. 7 is a pixel 320 that detects
low-sensitivity and short-wavelength light. The pixel 320,
which detects the low-sensitivity and short-wavelength light,
detects the short-wave light and has low light detection sen-
sitivity.

Thus, the pixel 310 that detects the high-sensitivity and
long-wavelength light is arranged on a more outer side within
the light receiving unit 350 than the pixel 320 that detects the
low sensitivity and short-wavelength light. The pixel 310 that
detects the high-sensitivity and long-wavelength light and the
pixel 320 that detects the low sensitivity and short-wave-
length light are arranged in separated positions. The pixels
Nos. 1 t0 4, 6, and 8 to 16 are pixels that respectively detect
specific wavelengths of light.

The pixel 310 that detects the high-sensitivity and long-
wavelength light includes a color filter (a second color filter)
that transmits the long-wavelength light and a photodiode
configured on the silicon substrate 301. The pixel 320 that
detects the low-sensitivity and short-wavelength light
includes a color filter (a first color filter) that transmits the
short-wavelength light and a photodiode configured on the
silicon substrate 301. Likewise, other pixels provided in the

10

15

20

25

30

35

40

45

50

55

60

65

12

color sensor 300 each include color filters that transmit spe-
cific wavelength lights and photodiodes configured on the
silicon substrate 301.

Next, the light transmittances of the color filter that trans-
mits the long-wavelength light and the color filter that trans-
mits the short-wavelength light will be described. FIG. 11 is
agraph showing the light transmittances of the color filter that
transmits the long-wavelength light and the color filter that
transmits the short-wavelength light in this embodiment. In
the shown graph, the horizontal axis represents a wavelength
of light and the vertical axis represents the transmittance of
light. A curve 1101 represents the light transmittance of the
color filter that transmits the long-wavelength light. A curve
1102 represents the color filter that transmits the short-wave-
length light.

As shown, the color filter that transmits the long-wave-
length light has high light transmittance for the long-wave-
length light. That is, the color filter that transmits the long-
wavelength light has a second transmission band in which the
long-wavelength light is transmitted. Accordingly, the pixel
310 that detects the long-wavelength light can detect the
long-wavelength light. Also, the color filter that transmits the
short-wavelength light has high light transmittance for the
short-wavelength light. That is, the color filter that transmits
the short-wavelength light has a first transmission band in
which the short-wavelength light is transmitted. Accordingly,
the pixel 320 that detects the short-wavelength light can
detect the short-wavelength light.

The transmittance of the short-wavelength light of the
color filter that transmits the short-wavelength light is lower
than that of the long-wavelength light of the color filter that
transmits the long-wavelength light. Specifically, the trans-
mittance of the short-wavelength light of the color filter that
transmits the short-wavelength light is half of the transmit-
tance of the long-wavelength light of the color filter that
transmits the long-wavelength light. Accordingly, the pixel
310 that detects the high-sensitivity and long-wavelength
light has a higher sensitivity than the pixel 320 that detects the
low-sensitivity and short-wavelength light.

Since the pixel 310 that detects the high-sensitivity and
long-wavelength light detects the long-wavelength light, the
pixel 310 generates a crosstalk charge more easily than the
pixel 320 that detects the low-sensitivity and short-wave-
length light. Also, since the pixel 310 that detects the high-
sensitivity and long-wavelength light has a higher sensitivity
than the pixel 320 that detects the low-sensitivity and short-
wavelength light, the pixel 310 generates a crosstalk charge
more easily than the pixel 320 that detects the low-sensitivity
and short-wavelength light.

Thus, in the case where the pixel 310 that detects the
high-sensitivity and long-wavelength light is arranged on a
more outer side within the light receiving unit 350 than the
pixel 320 that detects the low-sensitivity and short-wave-
length light compared to the case where the pixel 310 that
detects the high-sensitivity and long-wavelength light is
arranged on a more inner side within the light receiving unit
350 than the pixel 320 that detects the low-sensitivity and
short-wavelength light, the ratio at which the crosstalk charge
generated by the pixel 310 that detects the high-sensitivity
and long-wavelength light is diffused to the outside of the
light receiving unit 350 and is not diffused to other pixels is
high.

Compared to a high-sensitivity pixel, a low-sensitivity
pixel generates a small amount of charges depending on
incident light. Consequently, compared to the high-sensitiv-
ity pixel, the low-sensitivity pixel is further affected by the
effect of a crosstalk charge. In this embodiment, the pixel 310
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that detects the high-sensitivity and long-wavelength light
and the pixel 320 that detects the low-sensitivity and short-
wavelength light are arranged to be separated. Thus, the
crosstalk charge generated by the pixel 310 that detects the
high-sensitivity and long-wavelength light can be prevented
from affecting the pixel 320 that detects the low-sensitivity
and short-wavelength light.

Accordingly, as in this embodiment, the pixel 310 that
detects the high-sensitivity and long-wavelength light and the
pixel 320 that detects the low-sensitivity and short-wave-
length light are arranged to be separated, so that the crosstalk
charge generated by the pixel 310 that detects the high-sen-
sitivity and long-wavelength light can be prevented from
affecting the pixel 320 that detects the low-sensitivity and
short-wavelength light. Consequently, the color sensor 300
can suppress the degradation of detection accuracy of light
components due to the effect of crosstalk, and thus the color
sensor 300 can detect the light components with higher accu-
racy.

In this embodiment, the relationship between the pixel No.
5 and the pixel No. 7 among the pixels Nos. 1 to 16 provided
in the color sensor 300 has been described. However, other
pixels may also be arranged within the light receiving unit
350 depending on the sensitivity of each pixel. For example,
a high-sensitivity pixel and a low-sensitivity pixel may be
arranged to be separated within the light receiving unit 350.

Fourth Embodiment

Next, the fourth embodiment in which a color sensor of the
present invention is mounted on an imaging device will be
described with reference to the drawing. FIG. 12 is a sche-
matic diagram showing the configuration of the imaging
device according to this embodiment. In the shown example,
an imaging device 400 includes an imaging lens 401, a solid-
state imaging element 402, a color sensor 403, a central
processing unit (CPU) 404, and a white balance control unit
405.

The imaging lens 401 forms an image of a subject on the
solid-state imaging element 402. The solid-state imaging ele-
ment 402 photoelectrically converts the formed subject image
into a video signal. The color sensor 403 detects a component
of incident light (the intensity of light of each wavelength
included in the incident light). The color sensor 403 accord-
ing to this embodiment is the color sensor described in the
first to third embodiments.

The CPU 404 identifies a type of light source (for example,
sunlight or light of a fluorescent lamp) irradiated to the sub-
ject on the basis of the component of incident light detected
by the color sensor 403. The white balance control unit 405
automatically adjusts the white balance of the video signal
photoelectrically converted by the solid-state imaging ele-
ment 402 depending on the type of light source identified by
the CPU 404.

The color sensor described in the first to third embodiments
is used as the color sensor 403 according to this embodiment.
Consequently, the color sensor 403 can suppress the degra-
dation of detection accuracy of light components due to the
effect of crosstalk, and thus the color sensor 403 can detect the
light components with higher accuracy. Accordingly, the
CPU 404 can identify the type of light source with higher
accuracy on the basis of the component of incident light
detected by the color sensor 403. Thereby, the accuracy of
automatic adjustment of the white balance by the white bal-
ance control unit 405 is further improved.

The first to fourth embodiments of the present invention
have been described in detail with reference to the drawings.
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However, specific configurations are not limited to the
embodiments and may include any design in the scope with-
out departing from the subject matter of the present invention.

The invention claimed is:

1. A color sensor comprising:

a silicon substrate having a principal surface and a side
surface;

a plurality of pixels arranged in matrix, the matrix having a
row in which pixels are arranged along a first straight
line and a column in which pixels are arranged along a
second straight line perpendicular to the first straight
line;

wherein the plurality of pixels comprise:

a first pixel provided in a sensor unit formed on the prin-
cipal surface of the silicon substrate and having a first
color filter; and

a second pixel provided in the sensor unit formed on the
principal surface of the silicon substrate, provided in a
position closer to an outer edge of the sensor unit than
the first pixel, and having a second color filter,

wherein a longest-wavelength transmission band of the
first color filter is a first transmission band,

wherein a longest-wavelength transmission band of the
second color filter is a second transmission band,

wherein the second transmission band has a longer wave-
length than the first transmission band,

wherein an internal pixel is provided in the sensor unit
formed on the principal surface of the silicon substrate,
is provided in a position farther from the outer edge of
the sensor unit than the first pixel, and has an internal
color filter,

wherein the first pixel, the second pixel and the internal
pixel are provided in the row, as viewed from a point on
aline perpendicular to the principal surface of the silicon
substrate, wherein in the internal pixel, a longest-wave-
length transmission band of the internal color filter is
shorter than that of the second transmission band, and

wherein the second color filter further has a third transmis-
sion band, and the third transmission band has a shorter
wavelength than the second transmission band.

2. The color sensor according to claim 1, wherein trans-
mittance of the first color filter is lower than that of the second
color filter.

3. The color sensor according to claim 1, wherein impuri-
ties are included in the silicon substrate, and the impurities
decrease specific resistance of the silicon substrate compared
to the case where the impurities are not included.

4. A color sensor comprising:

a silicon substrate having a principal surface and a side

surface;

a plurality of pixels arranged in matrix, the matrix having a
row in which pixels are arranged along a first straight
line and a column in which pixels are arranged along a
second straight line perpendicular to the first straight
line;

wherein the plurality of pixels comprise:

a first pixel provided in a sensor unit formed on the prin-
cipal surface of the silicon substrate and having a first
color filter; and

a second pixel provided in the sensor unit formed on the
principal surface of the silicon substrate, provided in a
position closer to an outer edge of the sensor unit than
the first pixel, and having a second color filter,

wherein a longest-wavelength transmission band of the
first color filter is a first transmission band,

wherein a longest-wavelength transmission band of the
second color filter is a second transmission band,
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wherein the second transmission band has a longer wave-

length than the first transmission band,

wherein an internal pixel is provided in the sensor unit

formed on the principal surface of the silicon substrate,

is provided in a position farther from the outer edge of 5
the sensor unit than the first pixel, and has an internal
color filter,

wherein the first pixel, the second pixel and the internal

pixel are provided in the row, as viewed from a point on
aline perpendicular to the principal surface of the silicon 10
substrate,

wherein in the internal pixel, a longest-wavelength trans-

mission band of the internal color filter is shorter than
that of the second transmission band, and

wherein the second pixel further has a third color filter 15

arranged to overlap the second color filter, and a trans-
mission band of the third color filter has a shorter wave-
length than the second transmission band.

5. The color sensor according to claim 4, wherein trans-
mittance of the first color filter is lower than that of the second 20
color filter.

6. The color sensor according to claim 4, wherein impuri-
ties are included in the silicon substrate, and the impurities
decrease specific resistance of the silicon substrate compared
to the case where the impurities are not included. 25
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